Background Ramucirumab improves survival in gastric cancer patients. The efficacy and safety of ramucirumab outside of a clinical trial were evaluated using an expanded access program (EAP). Methods Advanced gastric cancer patients treated with ramucirumab in combination with paclitaxel or with ramucirumab monotherapy in a Korean EAP were evaluated. Baseline characteristics were assessed for progression-free survival (PFS) and overall survival (OS), and adverse events were evaluated according to the treatment regimen. Results Of 265 patients, 228 received ramucirumab plus paclitaxel, and 37 received ramucirumab monotherapy. Grade 3 or 4 neutropenia was more common with ramucirumab plus paclitaxel than with ramucirumab monotherapy (46.7 vs. 8.1%). Gastrointestinal (GI) perforation developed in seven patients (3.1%) in the ramucirumab plus paclitaxel group. The overall response and disease control rates were 16.6 and 66.3% in the ramucirumab plus paclitaxel group, and 5.4 and 37.8% in the ramucirumab monotherapy group, respectively. PFS and OS were 3.8 and 8.6 months in the ramucirumab plus paclitaxel group, and 1.8 and 6.4 months in the ramucirumab monotherapy group, respectively. In multivariate analysis, alkaline phosphatase, albumin, and neutrophil-to-lymphocyte ratio (NLR) were the independent prognostic factors for PFS, while albumin, NLR, number of metastatic sites, and large amount of ascites were independent prognostic factors for OS. Conclusion In the Korean EAP cohort, ramucirumab showed similar efficacy to the results of the previous trials for gastric cancer. However, the level of GI perforation was slightly increased in the ramucirumab plus paclitaxel group.
Introduction
Gastric cancer is a global health concern, with a high incidence and poor prognosis [1] . Surgical resection is the only curative treatment strategy for localized cancer and is used in combination with perioperative or adjuvant treatment [2, 3] . However, recurrence is common, and the prognosis is generally poor [4] . For advanced or metastatic gastric cancer patients, chemotherapy is the primary treatment [5] .
Fluoropyrimidines plus platinum is the most common first-line chemotherapy for advanced gastric cancer [5, 6] .
However, the median overall survival (OS) of patients with metastatic disease is approximately 1 year [7] . Recently, the second-line chemotherapy with irinotecan or docetaxel demonstrated increased OS compared with the best supportive care [8] . Paclitaxel as second-line chemotherapy also showed prolonged survival benefit and manageable toxicities [9] .
Angiogenesis is strongly associated with tumor metastasis and progression. Vascular endothelial growth factor (VEGF) is a key regulator of angiogenesis, and several VEGF-targeting agents have been developed, including antibodies against VEGF and VEGF receptor (VEGFR), and tyrosine kinase inhibitors targeting VEGFR [10] . In gastric cancer, VEGF expression is also associated with poor prognosis [11] . Ramucirumab, a monoclonal antibody against VEGFR2, has shown a survival benefit when used as monotherapy or in combination with paclitaxel in patients with previously treated gastric or esophagogastric junction (EGJ) adenocarcinoma [12, 13] .
However, few patients in Asia, where the incidence of gastric cancer is highest, have been enrolled in those trials [12, 13] . In addition, the efficacy and safety of ramucirumab in a real-world setting have only been examined once outside of controlled clinical trials [14] . Recently, Fuchs et al. identified the prognostic factors for OS in gastric cancer from two-phase III studies of the second-line ramucirumab trials [15] . Therefore, we investigated the safety and efficacy of ramucirumab alone and in combination with paclitaxel and validated the prognostic factors by Fuchs in gastric cancer patients enrolled in an expanded access program (EAP) in Korea.
Patients and methods

Patients
Eligibility criteria included age ≥ 18 years, histologically or cytologically confirmed gastric or EGJ adenocarcinoma, metastatic or unresectable disease, measurable or evaluable disease by abdominal and pelvic computed tomography, disease progression during treatment of firstline chemotherapy, and an Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0, 1, or 2. Patients who met any of the following criteria were excluded: documented and/or symptomatic brain or leptomeningeal metastases, grade 3 or 4 gastrointestinal (GI) bleeding within 3 months prior to enrolment, arterial thromboembolic events, and uncontrolled or poorly controlled hypertension despite standard medical management.
Treatment and data collection
Patients received either 8 mg/kg ramucirumab monotherapy intravenously on days 1 and 15, or the same dose in combination with 80 mg/m 2 paclitaxel intravenously on days 1, 8, and 15 of a 28 day cycle. The decision to provide combination therapy or monotherapy was determined by the treating physicians. Patients received study treatment until disease progression, unacceptable toxicity, or withdrawal of consent. Age, sex, ECOG PS, presence of primary tumor, time to progression since prior therapy, tumor differentiation, metastatic sites, presence of large amount of ascites, and complete blood count with differential counts and serum parameters such as lactate dehydrogenase (LDH), alkaline phosphatase (ALP), aspartate aminotransferase (AST), albumin, sodium, and, creatinine were taken from patients' medical records. The large amount ascites was defined as ascites which needed paracentesis because of abdominal distension, early satiety, abdominal pain, or shortness of breath. Data on treatmentrelated adverse events were collected using the Common Terminology Criteria for Adverse Events version 4.0. We also collected data on adverse events of special interest related to ramucirumab (hemorrhage, bleeding, epistasis, proteinuria, thrombosis, and perforation), date of progression and death, and reason for cessation of ramucirumab. Radiological imaging was performed every 6 weeks. Responses were scored according to the Response Evaluation Criteria in Solid Tumors version 1.1.
Statistical analysis
Baseline pre-treatment white blood cell count, absolute neutrophil count, absolute lymphocyte count, neutrophil-to-lymphocyte ratio (NLR), and serum LDH level were analyzed. Progression-free survival (PFS) was defined as the time from the start of ramucirumab to disease progression or death from any cause. Patients without progression who were still alive at the time of analysis were censored. OS was defined as time from the start of ramucirumab to death from any cause. Univariate analysis for clinical and laboratory parameters was performed for OS and PFS. Survival curves of categorical variables were calculated using the Kaplan-Meier method and compared using the log-rank test. Multivariate analysis models of patient and tumor characteristics in association with PFS and OS were based on Cox-proportional hazards regression analyses. Two-tailed P < 0.05 was considered statistically significant. Data were analysed using Statistical Package for Social Sciences (SPSS) software (version 23.0, Inc, Chicago, IL, USA). This EAP is registered at ClinicalTrials.gov (trial number NCT02065765). Table 2 ). The incidence of grade 3 or 4 neutropenia was significantly higher in the combination group than in the monotherapy group (46.7 vs. 8.1%, P < 0.001). Grade 3 or 4 adverse events of special interest were infrequent in both groups. However, seven patients (3.7%) in the combination group experienced GI perforation. Three underwent stent insertion (two in the colon and one in the gastrojejunostomy anastomosis site) before ramucirumab treatment because of bowel obstruction, and all developed perforations around the stent. Bowel perforation was related to procedures in two patients (drainage procedure of ascites and embolization for GI bleeding). In the remaining two patients, bowel perforation occurred without any intervention. The median time to perforation after ramucirumab treatment was 6 (4-19) weeks (Supplementary Table 1 ).
Efficacy
The median follow-up in surviving patients was 9.2 (interquartile range [IQR] 4.0-9.0) months in the combination group and 9.6 (IQR 2.7-8.7) months in the monotherapy group. There were 174 (76.3%) and 27 (73%) cases of disease progression and 120 (52.6%) and 22 (59.5%) deaths in the combination and monotherapy group, respectively. Disease progression was the most common reason for treatment discontinuation (76.4 and 76.7% for combination and monotherapy, respectively), and the number of discontinuation due to adverse events were 12 (6.3%) and 1 (3.3%), respectively (Supplementary Table 2 ). PFS (3.8, 95% confidence interval [CI], 3.4-4.4 months vs. 1.8, 95% CI 1.7-1.9 months) and OS (8.6, 95% CI, 7.7-10.0 months vs. 6.4, 95% CI 4.4-8.5 months) were longer in the combination than in the monotherapy group (Fig. 1) . The estimated 6 month PFS and OS rates were, respectively, 28.5 and 66.9% in the combination group, and 27.7 and 53.2% in the monotherapy group. The proportion of patients who achieved an objective response was higher in the combination group than in the monotherapy group (16.6 vs. 5.4%, P = 0.053). The disease control rate (DCR) was also significantly higher in the combination group (66.3 vs. 37.8%, P = 0.001) ( Table 3 ). In addition, the overall response was not different according to NLR status (16.1 vs. 17.5%, P = 0.828), but disease control rate was higher in low NLR group than high one (69.9 vs. 52.5%, P = 0.032).
Factors related to survival
By univariate analysis, time to progression since prior therapy (< 6 months), low sodium (< 135 mmol/L), high ALP (> 150 U/L), low albumin (3.5 U/L), high LDH (≥ 247 IU/L), low lymphocyte (< 1500/μL), high NLR (≥ 5), and the number of metastatic sites (≥ 3) were related to poor PFS (Table 4) , and, time to progression since prior therapy (< 6 months), presence of a primary tumor, poor ECOG PS (1 and 2), low sodium (< 135 mmol/L), high ALP (> 150 U/L), low albumin (3.5 U/L), high LDH (≥ 247 IU/L), high neutrophil (> 7500/ μL), low lymphocyte (< 1500/μL), high NLR, increased number of metastatic sites (≥ 3), and a large amount of ascites were related to poor OS (Table 5 ). In multivariate analyses including each parameter that had a significant relationship with PFS and OS in univariate analysis, high ALP, low albumin, and high NLR were the independent factor for poor PFS, and , and large amount of ascites were independent factors for poor OS (Tables 4, 5 ). The PFS and OS of patients with a low NLR were significantly longer than those of patients with a high NLR (median PFS, 4.2 vs. 2.7 months, P = 0.004; median OS, 9.0 vs. 6.4 months, P = 0.001) (Fig. 2) . HER2 status did not affect PFS or OS. In the event of progression after ramucirumab treatment, the proportion of patients treated with systemic chemotherapy was similar in both groups (56.9 vs. 51.9%, P = 0.806), and the most common chemotherapeutic agent was irinotecan.
Discussion
In patients with advanced gastric cancer who were treated with prior chemotherapy, ramucirumab has shown improved survival when administered in combination with paclitaxel or as monotherapy [12, 13] , but this has not been extensively studied outside of clinical trials [14] . To our knowledge, this study is the first to report outcomes of ramucirumab in a large cohort in a real-world clinical setting in Asia. In addition, we validated the prognostic factors by Fuchs [15] and investigated predictive candidate biomarkers for the efficacy of ramucirumab in our EAP data. In our data, ramucirumab showed similar efficacy and toxicities to those found in the RAINBOW and REGARD trials [12, 13] . In the combination group, the ORR and DCR were slightly lower than those in RAINBOW (ORR, 16.7 vs. 28%; DCR, 66.2 vs. 79%) [13] . The safety profile of combination therapy in our study was similar to the RAINBOW result (Supplementary Table 3) , including hematological and non-hematological adverse events and VEGFR pathwayrelated toxicities. In general, ramucirumab monotherapy did not developed severe neutropenia and febrile neutropenia [12] . However, in our study, febrile neutropenia (2.7%) and severe neutropenia (8.1%) were developed in patients treated with ramucirumab monotherapy. This patient who developed febrile neutropenia was suffered from upper respiratory symptom, such as cough and rhinorrhoea, at the time of admission for febrile neutropenia. The subject's condition was improved shortly after supportive care. Although the febrile neutropenia was possibly related to severe respiratory syndrome, the investigator could not exclude the causal relationship between febrile neutropenia and ramucirumab. Three patients with severe neutropenia had grade 1 neutropenia at baseline. Therefore, the neutropenia from ramucirumab monotherapy might be developed in patients with bone marrow suppression before the treatment.
GI perforation rate was slightly higher than RAINBOW trial [7 (3.1%) of 228 vs. 4 (1.2%) of 327]. In five of seven patients, GI perforation was associated with procedures, most commonly stent therapy (3 out of 7). According to a meta-analysis regarding perforation in colorectal stenting, bevacizumab-based therapy was identified as a risk factor, with a perforation rate of 12.5% [16] . In contrast, the perforation risk was 7.0% in patients treated with chemotherapy without bevacizumab and was 9% in patients not treated with chemotherapy during stent therapy [16] . Although a causal relationship between GI perforation and stents in RAIN-BOW was not proven, the higher incidence of GI perforation in our results might be associated with GI stents. However, the incidences of other ramucirumab-related adverse events of special interest were similar to those observed in RAIN-BOW. Therefore, clinicians should be aware of the risk of GI perforation in patients receiving combination treatment, especially those with GI stents. Although the sample size was small, the ORR was slightly higher and the DCR slightly lower in the monotherapy group than in REGARD (ORR, 5.4 vs. 3%; DCR, 37.8 vs. 49%) [12] . The median OS for the monotherapy group was 6.4 months (IQR 7.3-9.2), which was slightly [12] . We had no treatment-related deaths or withdrawals due to drug-related adverse events from monotherapy. The most common adverse event in the monotherapy group was anemia (51.3%); otherwise, the safety profile of monotherapy in our study was similar to that of REGARD (Supplementary Table 4 ) [12] . We included nine patients who had an ECOG PS of 2 during ramucirumab administration, although they had an ECOG PS ≤ 1 at screening. Our results may be more representative of advanced gastric cancer patients in the realworld clinical setting, because our population included those who would have been excluded from a clinical trial because of poor medical condition.
Identifying predictive biomarkers to stratify patients for treatment is vital. Although several predictive biomarkers of anti-angiogenic therapy have been evaluated, no reproducible blood or tissue biomarkers have been identified [17] . In addition, none of the biomarkers, including VEGFR2 and HER2 in tumor tissue and soluble VEGF-C, -D, VEGFR1, and VEGFR3, was significantly associated with ramucirumab efficacy in REGARD [18] . In addition, Fuchs et al. identified 12 independent prognostic factors of poor survival from RAINBOW and REGARD trials [15] . The 12 prognostic factors of poor OS were peritoneal metastases, ECOG PS 1, the presence of a primary tumor, time to progression since prior therapy < 6 months, poor/unknown tumor differentiation, abnormally low blood levels of albumin, sodium, and/ or lymphocytes, abnormally high blood levels of neutrophils, AST, ALP, and/or LDH. Among the 12 prognostic factors, low albumin was the only independent prognostic factor of poor OS in our EAP data. Although Fuchs did not identify the prognostic marker for PFS, we applied the 12 prognostic markers to PFS in our study. Th low albumin and high ALP were independently associated with poor PFS in our study.
To discover another prognostic biomarker for PFS and OS, we evaluated baseline clinicopathologic parameters including blood laboratory test. In multivariate analysis, the high ALP, low Albumin, and high NLR were the independent factors for poor PFS, and low albumin, high NLR, number of metastatic sites, and large amount of ascites were independent factors for poor OS in our study. The independent prognostic markers for PFS are usually not identical to those for OS [19] [20] [21] . One explanation for the difference between prognostic factors of PFS and OS is that OS might be influenced by subsequent treatment after disease progression. In our study, 119 of 265 (44.9%) patients were treated with subsequent treatment after progression with ramucirumab.
In conclusion, analysis of the current EAP cohort of Korean patients with advanced gastric cancer showed that ramucirumab treatment had a manageable safety profile and antitumor activity. These findings are consistent with the safety and activity profiles in the RAINBOW and REGARD trials. We observed that GI perforation occurred more frequently in patients with stents in the combination group; therefore, ramucirumab should be administered with caution in these patients.
